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(54) Method and apparatus for measuring skin moisture 



(57) A set of reference moisture value of the plurality 
of sample skin is measured with conventional skin mois- 
ture measuring device. Then a set of standard calibra- 
tion equation is provided from calculating a set of meas- 
ured reflectance spectra of calibration and the set of ref- 
erence moisture value by using the multivariate regres- 
sion, and it is stored at a memory. The next steps are to 
measure skin moisture of test skin with reference to the 
set of standard calibration equation stored at the mem- 
ory. 

By radiating near infrared on the test skin and sens- 
ing a set of reflectance spectra with the portable skin 
moisture measuring apparatus by using near infrared 
reflectance spectroscopy system, the skin moisture is 
measured at a repeatable and stable way, regardless of 
the variation of temperature or humidity of the external 
circumstance. 
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Description 

[0001] This invention relates generally, but not exclu- 
sively, to a method and apparatus for measuring skin 
moisture by using near infrared reflectance spectrosco- 
py and, more particularly, relates to measuring skin 
moisture without destroying the test object and produc- 
ing a portable skin moisture measuring apparatus. 
[0002] The skin is a structure consisted of both epi- 
dermis and dermis combination. The softness and plia- 
bility are the main characteristic factors of skin surface 
protecting the body and securing the motion of the body. 
Such characteristic factors are dependent on the 
amount of moisture contained in the stratum corneum 
layer, which is the outermost layer of the skin, and con- 
trolled by the barrier function and moisture maintaining 
function of the skin layer. 

[0003] The stratum corneum is about 20 micron thick, 
and composed of partially dehydrated cells in a liquid 
matrix. Between the cells are lipid mixture called stratum 
corneum intercellular lipid, which composes the barrier 
of the skin. The lipid mixture is composed of cell amide, 
cholesterol, free fatty acid, and cholesterol sulfate, se- 
creted from intercellular lamella granular when epider- 
mis cells are transferred from granular layers to stratum 
corneum, and formed between the stratum corneums. 
[0004] If normal stratum corneum is not properly de- 
veloped due to environmental changes and diseases, 
the barrier function and moisture maintaining function of 
the skin is lowered. In such situation, the face of the skin 
becomes easily dried, roughed and cleaved if the mois- 
ture of stratum corneum is not sufficiently maintained. 
Therefore, it is very important to maintain the amount of 
moisture in the stratum corneum of the skin properly. 
[0005] However, in modem life, it is difficult to main- 
tain healthy skin due to various pollution and rapid en- 
vironmental changes. For the above reasons, most peo- 
ple are using a skin moisture lotion in their daily life. In 
order to maintain healthier skin, it is essential to meas- 
ure the density of skin moisture and check skin condi- 
tions periodically. Although such works can be done by 
cosmeticians or dermatologist, skin moisture measuring 
devices are rarely used. Conventional skin moisture 
measuring devices are utilized at laboratories for re- 
search purpose only, because price of those devices are 
too expensive, and the devices are easily influenced by 
temperature and humidity changes, which requires to 
be kept at a constant temperature and humidity condi- 
tions. 

[0006] The infrared spectroscopy and high frequency 
impedance method are widely used for conventional 
skin moisture measuring apparatus and method. The in- 
frared spectroscopy is a direct moisture measuring 
method at certain wavelength range. As the measuring 
device utilizing the method is not only very expensive 
because it uses Fourier Transform infrared spectrosco- 
py device using the total reflection absorption method, 
but also difficult to operate, it is rarely used for commer- 



cial purpose devices. 

[0007] Therefore, devices utilizing the high frequency 
impedance method have widely used so far. The devic- 
es are utilizing the fact that a large amount of electro- 
5 tytes such as salts and amino acid are contained in the 
stratum corneum layer, the electrolytes make the sur- 
face of the skin electric conductive. Therefore, if the al- 
ternating current having a constant frequency is applied, 
electric conductance that is the reciprocal of the resist- 
to ance that consists of impedance is measured, and the 
skin moisture is calculated from the electric conductivity 
that has dependency on the skin moisture. 
[0008] However, the conventional skin moisture 
measuring method using the high frequency impedance 
15 method is easily affected by environmental conditions 
such as temperature or humidity changes, it does not 
provide the correct skin moisture value if external envi- 
ronmental conditions change. Moreover, the above 
method is influenced by the amount of electrolyte that 
20 the test skin contains, which is another problem of the 
skin moisture measuring method using the high fre- 
quency impedance method. 

[0009] Moreover, the size of the conventional skin 
moisture measuring devices is too big and spacey, and 

25 it is too heavy to carry. 

[0010] In accordance with various aspects, the 
present invention seeks to provide a method and appa- 
ratus for measuring skin moisture by using near infrared 
reflectance spectroscopy that is improved with respect 

30 to the conventional methods and apparatuses. 

[0011] In one aspect, the present invention provides 
small sized portable skin measuring devices using near 
infrared reflectance spectroscopy, which is substantially 
uninfluenced by environmental conditions such as tem- 

35 perature and humidity changes. 

[0012] In another aspect, the present invention pro- 
vides a skin-measuring device that is fast and conven- 
ient to use. 

[0013] These aspects may be accomplished with the 
40 methods and apparatus using Near infrared Reflect- 
ance Spectroscopy (NIRS). 

[0014] A further aspect of the present invention pro- 
vides a method for measuring skin moisture using near 
infrared reflectance spectroscopy. 

45 [001 5] Generally, a set of reference moisture value of 
a plurality of sample skin is measured with conventional 
skin moisture measuring device. 
[001 6] And then providing a set of standard calibration 
equation of the plurality of sample skin is processed as 

so follows. Radiates near infrared on the plurality of sample 
skin, senses a set of near infrared reflectance spectra 
reflecting from the plurality of sample skin, divides the 
set of reflectance spectra into a calibration set and a 
validation set by using random selection, analyzes with 

55 multivariate regression the calibration set and the set of 
reference moisture value to produce a set of standard 
calibration equation of the plurality of sample skin, and 
then evaluates and corrects the set of standard calibra- 
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tion equations by using the validation set. Thereafter, 
the set of standard calibration equations is stored at a 
memory. 

[0017] Next step is the process of measuring skin 
moisture by using near infrared reflectance spectrosco- 
py with reference to the set of standard calibration equa- 
tion stored at the memory. The process includes radiat- 
ing near infrared on a test skin, sensing a near infrared 
reflectance spectrum reflecting from the test skin, and 
then introducing the near infrared reflectance spectrum 
from the test skin into the set of standard calibration 
equations stored at the memory to calculate the skin 
moisture of the test skin. 

[001 8] A yet further aspect of the present invention is 
an apparatus to measure skin moisture using near in- 
frared reflectance spectroscopy comprising the means 
of storing a set of standard skin moisture calibration 
equation of the plurality of sample skin, radiating near 
infrared on a test skin, sensing a near infrared reflect- 
ance spectrum reflecting from the test skin, predicting 
the skin moisture of the test skin from the near infrared 
reflectance spectrum reflecting from the test skin and 
the set of standard calibration equation stored at the 
memory. 

[001 9] Fig 1 is a block diagram generally representing 
the configuration of the portable skin moisture measur- 
ing apparatus of an embodiment of the present inven- 
tion, which is using near infrared reflectance spectros- 
copy. 

[0020] Fig 2 is a block diagram generally representing 
the configuration of the chip-type spectrometer of the 
near infrared reflectance spectroscopy. 
[0021] Fig 3 is a flowchart representing the process 
how to store a set of standard calibration equation at the 
memory of a portable skin moisture measuring appara- 
tus, according to an embodiment of the present inven- 
tion. 

[0022] Fig. 4 depicts a set of near infrared reflectance 
spectra reflecting from the plurality of a sample skin. 
[0023] Fig.5 depicts a set of the first derivative spectra 
of the Fig. 4 spectra 

[0024] Fig.6 depicts a set of the second derivative 
spectra of the Fig. 4 spectra. 
[0025] Fig. 7 depicts a set of multiplicative scatter cor- 
rected spectra of the Fig. 4 spectra. 
[0026] Fig. 8 is a table of the result of calculating the 
spectra of Fig. 4, 5, 6 with PLSR 
[0027] Fig. 9 depicts a scatter plot showing correlation 
between NIR calculated moisture value and reference 
moisture value. 

[0028] Fig. 10 is a flowchart to measure skin moisture 
using portable near infrared reflectance spectroscopy. 
[0029] Referring now to the Fig 1 and Fig 2, there is 
Illustrated an apparatus for measuring skin moisture by 
using near infrared reflectance spectroscopy according 
to an embodiment of the present invention. Figure 1 is 
a block diagram of a portable skin moisture measuring 
apparatus using near infrared reflectance spectroscopy, 



and fig. 2 is a block diagram of a chip type spectrometer 
applying to a portable skin moisture measuring appara- 
tus. 

[0030] Referring to fig. 1 , the apparatus includes pow- 
5 er supplier 1 00, tungsten halogen lamp 200, optical filter 
300, optical cable 400, chip type spectrometer 500, am- 
plifier, A/D converter 600, microcomputer 700, control 
panel 800 and LCD panel. 

[0031 ] The power supplier 1 00 includes batteries (do 
10 not depicted) to provide 6 1 2 voltage to each element of 
the apparatus according to the control signal inputted. 
[0032] The tungsten halogen lamp 200 is designed to 
generate near infrared of which wavelength ranges from 
500 nanometers to 2000 nanometers upon receiving a 
15 control signal from the microcomputer and power from 
the power supplier 100. 

[0033] The optical fitter 300 is placed along the optical 
route of the tungsten halogen lamp 200 to focus the near 
infrared waves generated from the tungsten halogen 

20 lamp 200. 

[0034] The optical cable 400 is formed to radiate near 
infrared on the test skin and to transmit the near infrared 
reflectance spectra to the spectrometer 500. The inter- 
nal cable 41 0 of the optical cable 400 transmits near in- 

25 frared radiated through the optical filter 300 to the test 
skin, and the external cable 420 transmits near infrared 
reflected from the skin to the spectrometer 500. 
[0035] Referring to fig 2, the chip type spectrometer 
500 is a reflectance light sensor. The spectrometer 500 

30 includes a light incidence slot 501 through which the re- 
flectance light is entered, a self-focusing grating 502 
formed at a corresponding location to the light incidence 
slot 501 to divide and reflect the near infrared reflect- 
ance spectra radiated through the light incidence slot 

35 501 , and a photo diode array detector 503 formed at a 
corresponding location to the self-focusing grating 502 
to sense the near Infrared reflectance spectra of which 
wavelength ranges from 1100 to 1750 nanometer re- 
flected from the self-focusing grating 502 at 1 0 nanom- 

40 eters interval along the photo diode array, and transform 
the sensed near infrared reflectance spectra into electric 
signal. 

[0036] The amplifier is connected to the output of the 
photo diode array detector 503 of the spectrometer 500 

45 to amplify the electric signal outputted from the spec- 
trometer 500 to a voltage level higher than predeter- 
mined voltage according to the inputted control signal 
from the microcomputer 700. 
[0037] The A/D converter 600 is formed to convert an- 

50 alog signal outputted from the amplifier to digital signal 
according to the control signal from the microcomputer 
700. 

[0038] The microcomputer 700 may control every 
function of the apparatus of the embodiment of the 
55 present invention. It is designed to control the tungsten 
halogen lamp 200 and chip type spectrometer 500 to 
generate near infrared when a measurer operates the 
function keys at the control panel 800 to measure skin 
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moisture. Moreover, the microcomputer 700 applies dig- 
ital signal, which is outputted from the photo diode array 
detector 503 of the spectrometer 500 through the am- 
plifier and the A/D converter 600, to the standard cali- 
bration equation stored at the memory 710 to calculate 
the skin moisture of the test skin, and displays the cal- 
culated skin moisture to the user. It is preferable to fur- 
ther comprise an interface 720 to transmit and receive 
data to and from the external devices. 
[0039] Memory 710 is a Read Only Memory (RAM) 
where both the data for operating the system and the 
standard skin moisture calibration equation are stored. 
[0040] The control panel 800 is composed of a plural- 
ity of digit keys, menu keys, and function keys to pro- 
duce control signal, when user manipulates each key. 
[0041] The LCD panel displays skin moisture and 
state of the system, reflecting the control signal. 
[0042] Referring now to the Figure 3 to Figure 9, the 
method for measuring skin moisture by using near in- 
frared reflectance spectroscopy in accordance with an 
embodiment of the present invention is illustrated. 
[0043] Prior to explain function of an illustrative em- 
bodiment of the present invention, the near infrared re- 
flectance spectroscopy is introduced briefly. The near 
infrared reflectance spectroscopy is a non-destructive 
test in which pre-treatment is rarely required. The NIR 
spectroscopy is using the absorption energy and com- 
bination bands of infrared absorption of vibration energy 
of -CH,-NH or -OH bands. 

[0044] Though the near infrared was discovered by 
William Herschel on 1 800, research was not progressed 
due to big noise and weak signal property. The instru- 
ment designed especially for operation in the near infra- 
red have been commercially available since early 1 960 
as a result of the pioneering work of K. Norris applying 
a multivariate analysis to the complicated near infrared 
spectrum to analyze chemical solid object of agricultural 
products, and have since been the area of application 
broaden to not only foods, textile, petroleum chemicals 
and polymer, but also to medical industry. The near in- 
frared reflectance spectroscopy minimizes the pretreat- 
ment to test object and enables a fast analysis. Moreo- 
ver, it has merits in that it is nondestructive analysis 
measuring plural elements simultaneously and repeat- 
edly on a real time basis. 

[0045] As described in the above, the standard cali- 
bration equation of skin moisture measured from the 
plurality of sample skin is stored at the memory 710. The 
more detail description on the process of providing the 
standard calibration equation of skin moisture and stor- 
ing the equation data at the memory is illustrated refer- 
ring to Fig. 3 or Rg. 9. 

[0046] Fig. 3 is a flowchart on the process how to store 
a set of standard calibration equation at the memory of 
a portable skin moisture measuring apparatus, accord- 
ing to an embodiment of the present invention. Rg 4 is 
a set of near infrared reflectance spectra reflecting from 
the plurality of sample skin. Fig. 5 is a set of first deriv- 



ative spectra of the Fig. 4 spectra. Fig. 6 is a set of sec- 
ond derivative spectra of the Fig. 4 spectra. Fig. 7 is a 
set of multiplicative scatter corrected spectra of the Fig. 
4 spectra. Fig. 8 is a table of the result of calculating the 

5 spectra of Fig. 4, 5, 6 with PLSR. Rg. 9 is a scatter plot 
showing correlation between NIR calculated moisture 
value and reference moisture value. 
[0047] A preferred embodiment of the present inven- 
tion is described with referring to Fig. 3. In the embodi- 

10 ment, the number of test people is 1 5, and 1 6 samples 
are taken from sample skin of each test people, partic- 
ularly from the inside skin of the arm, by using Comeom- 
eter CM 825 that is a conventional moisture measuring 
device using electric conductivity, and produces in total 

15 of 240 reference moisture value of the plurality of sam- 
ple skin (S100). 

[0048] The near infrared is radiated to the 1 6 skin lo- 
cations of each of the 15 test people by using near in- 
frared reflectance spectroscopy to produce 240 near in- 

20 frared reflectance spectra reflecting from the sample 
skin (S110). Wherein, the skin locations and the test 
people are same as those measured by Comeometer 
CM 825 described in the above. The Fig. 4 depicts a set 
of near infrared reflectance spectra reflecting from the 

25 plurality of sample skin. Rg. 4 shows a huge band be- 
tween 1400 to 1500 nanometers, due to the first O-H 
overturn band of water. 

[0049] As scattering effects of the reflectance spectra 
are different each other depending on location of the 

30 skin measured and test people, the reflectance spectra 
may be pretreated to reduce the effect (S120). 
[0050] At an embodiment of the present invention, the 
sensed set of near infrared reflectance spectra reflect- 
ing from the plurality of sample skin may be pretreated 

35 by performing either first derivatives or second deriva- 
tives. The sensed set of near infrared reflectance spec- 
tra are the first derivative or second derivative, and the 
set of spectra derivative are shown at Fig.5 or Fig.6. 
Wherein, the segment and smooth of the first derivative 

40 may be 4 unit and 4 respectively, and segment and 
smooth of the second derivative may be 8 unit and 6 
respectively. 

[0051] At another embodiment of the present inven- 
tion, the sensed set of near infrared reflectance spectra 
<s reflecting from the plurality of sample skin may be pre- 
treated by performing a multiplicative scatter correction. 
The sensed set of near infrared reflectance spectra, 
which is multiplicative scatter corrected are shown at 
Fig.7. 

so [0052] According to the multiplicative scatter correc- 
tion, the correlation between sensed each of reflectance 
spectra and average spectrum of near infrared reflecting 
from the plurality of sample skin is represented as Linear 
Regression Equation, from which segment a and gradi- 

55 ent b are produced, then the sensed spectra are com- 
pensated by the segment a and gradient b as following 
equations. 
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x k = a + bx k + e k 

x k,conected = ^ x k' a V b 

[0053] Wherein, x k is spectrum data at wavelength k, 
and x k is average spectrum of the sample set. 
[0054] At another embodiment of the present inven- 
tion, the sensed set of near infrared reflectance spectra 
reflecting from plurality of sample skin may be pretreat- 
ed by multiplicative scatter correction and pretreated 
continuously by either first derivatives or second deriv- 
atives. The order of the pretreatment can be changed 
each other. 

[0055] The next step is dividing the set of reflectance 
spectra into calibration set and validation set by using 
random selection, where each divided set has 1 20 spec- 
tra. At the embodiment that the set of reflectance spec- 
tra are pretreated, the pretreated set of reflectance 
spectra is divided into calibration set and validation set 
(S130). 

[0056] The calibration set is used for producing a cal- 
ibration equation, and the validation set is used for eval- 
uating the calibration equation. 
[0057] As shown step 1 40 of Fig. 3, the calibration set 
of reflectance spectra and the set of reference moisture 
value which was provided from the step 100 are ana- 
lyzed by performing partial least squares regression 
(PLSR) which is one of the multivariate regressions so 
as to produce standard skin moisture calibration equa- 
tion. 

[0058] In the above embodiment, after the sensed set 
of near infrared reflection spectra are pretreated, the 
pretreated set is divided into calibration and validation 
set, then the pretreated calibration set and reference 
moisture value set are analyzed by multivariate regres- 
sion to produce the standard skin moisture calibration 
equation. In another embodiment of the present inven- 
tion, the pretreatment process may be done after the set 
of the near infrared reflection spectrum is divided into 
calibration set and validation set. 
[0059] The set of standard skin moisture calibration 
equation, which is produced by using the multivariate 
regression, is evaluated by using the validation set di- 
vided at the step 130. The result of the evaluation is 
shown at the Fig. 8. 

[0060] The Fig. 8 shows factors, Standard Error of 
Calibration (SEC), and Standard Error of Predictions 
(SEP) for three conditions depending on the pretreat- 
ment. The near infrared within the range of 1 1 50 to 1 650 
nanometers wavelength is radiated to produce a set of 
reflectance spectra from the plurality of sample skin, 
then the set of reflectance spectra are calculated by us- 
ing PLSR, the result of which is shown at the second 
row of the table of the Fig. 8. As described above, the 
set of reflectance spectra from the plurality of the sample 
skin may be pretreated before calculating by using 



PLSR, the third row of the table shows the result of cal- 
culating the set of first derivative reflectance spectra by 
using PLSR, and the fourth row of the table shows the 
result of calculating the set of second derivative reflect- 

5 ance spectra using PLSR. 

[0061] The factor shown at the table explains a vari- 
ation of the spectra. The first factor explains more than 
90 % of the total variation of the spectra. And the second 
factor, which is orthogonal to the first factor, explains the 

io rest of the variation not explained by the first factor. And , 
consecutively, remaining factors explain the remaining 
variation not explained by the preceding factors. Sub- 
stantially, the factors representing significant informa- 
tion, not signal noise, are selected for the calibration 

is equation. 

[0062] SEC means a standard error value calculated 
from the calibration set to evaluate the correct standard 
calibration when providing a standard calibration equa- 
tion. SEP means a standard error value calculated from 

20 the validation set to evaluate whether the provided cal- 
ibration equation is correct. Therefore, the smaller the 
difference between the reference skin moisture value 
measured by conventional skin moisture measuring de- 
vice and the skin moisture value calculated by using the 

25 NIR spectroscopy, which is represented by SEC and 
SEP, the provided calibration equation becomes more 
correct. 

[0063] According to the Fig. 8, the first derivative set 
of reflectance spectra calculated by using PLSR has the 

30 least error, which is represented by either SEC or SEP. 
Here, the SEC is 4.77 and the SEP is 5.59. Fig. 9 shows 
a scatter plot showing correlation between NIR calcu- 
lated moisture value and reference moisture value. The 
NIR calculated moisture value means the predicted val- 

35 ue by using the method of an embodiment of the present 
invention, and the reference moisture value means the 
measured value by using the conventional moisture- 
measuring device, the latter value was acquired at step 
100. As the magnitude of the predicted value and the 

40 measured value are more similar each other, the pre- 
dicted value is considered be more accurate. 
[0064] The calculated standard skin moisture calibra- 
tion equation is transformed to digital standard skin 
moisture calibration data, and the digital standard skin 

45 moisture calibration data is then stored at the memory 
(710), as shown at the step 160. 
[0065] Fig. 10 is the flowchart illustrating process of 
measuring skin moisture by using near infrared reflect- 
ance spectroscopy of an embodiment of the present in- 

so vention. 

[0066] For measuring skin moisture of the test people, 
one end of the optical cable 400 is fixed on the optical 
filter 300, and other end of the optical cable 400 is fixed 
on the face or skin of the test people, and then, the con- 
55 trol panel 800 is switched ON. 

[0067] The near infrared generated from the tungsten 
halogen lamp 200 is focused by optical filter 300, then 
radiated to the skin of the test people through the optical 
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cable 400 (S200). 

[0068] When the power is switched on, the microcom- 
puter 700 produces a control signal to operate the photo 
diode array detector 503 of the spectrometer 500. 
[0069] The near infrared generated from the tungsten 
halogen lamp 200 and radiated to the skin of the test 
people is reflected from the skin to generate reflectance 
spectrum, then the reflectance spectrum is radiated to 
the chip type spectrometer 500, and the chip type spec- 
trometer 500 senses the reflectance spectrum at 1 0 na- 
nometers interval along the photo diode array, then gen- 
erates a electric signal depending on the amount of the 
reflectance spectrum, and finally outputted to the ampli- 
fier (S210). 

[0070] The amplifier amplifies the inputted electric 
signal to the predetermined magnitude, and then the 
amplified signal is inputted to the A/D converter 600, 
which converts the analog signal outputted from the am- 
plifier into digital signal according to the control signal 
from the microcomputer 700, and then outputs the con- 
verted digital signal to the microcomputer 700. The con- 
verted signal is introduced to the standard calibration 
data stored at the memory 71 0, and then the skin mois- 
ture is calculated from the standard calibration data. 
(S230). 

[0071 ] In an embodiment of the present invention, the 
reflectance spectrum may be pretreated before being 
introduced to the standard calibration data. However, in 
another embodiment of the present invention, where no 
pretreatment was performed at the digital standard skin 
moisture calibration data producing process, no pre- 
treatment is performed at the skin moisture measuring 
process. 

[0072] The pretreatment performed at the pretreat- 
ment step (S220) should be the same as the pretreat- 
ment performed for producing the standard calibration 
data stored at the memory 710, as shown at the step 
120. Therefore, in an embodiment of the present inven- 
tion where pretreatment was performed when the stand- 
ard calibration data was produced, the pretreatment 
step (S220) should be performed. As illustrated at the 
digital standard skin moisture calibration data producing 
process, the pretreatment Includes either pre-deter- 
mined order of derivative or multiplicative scatter cor- 
rection, or both. Whereas, in another embodiment of the 
present invention where no pretreatment was per- 
formed when the standard calibration data was pro- 
duced, the pretreatment step (S220) is not performed at 
the skin moisture measuring process. 
[0073] The measured skin moisture is displayed on 
an LCD panel. And in another embodiment of present 
invention, the measured skin moisture is printed out by 
a printing device. The microcomputer 700 is connected 
to the LCD panel of the printing device through the in- 
terface part 72. A type of skin, such as VERY DRY, DRY 
or SUFFICIENT may be displayed on the LCD panel, 
the type is determined depending on the density of skin 
moisture. 



[0074] As described in the above, embodiments of the 
present invention provide skin moisture measuring 
method and apparatus which is repetitive and stable 
against the variation of temperature or humidity. More- 

5 over, the measuring apparatus provided by embodi- 
ments of the present invention can be small enough to 
be conveniently carried. Therefore, it enables to meas- 
ure skin moisture at any time and at any place. 
[0075] Obviously, the numerous modifications and 

10 variations of the present invention are possible in light 
of the above teachings. It is therefore to be understood 
that within the scope of the attached claims, the inven- 
tion may be practised otherwise than as specifically de- 
scribed herein. 

15 [0076] Insofar as embodiments of the invention de- 
scribed above are implementable, at least in part, using 
a software-controlled programmable processing device 
such as a Digital Signal Processor, microprocessor, oth- 
er processing devices, data processing apparatus or 

20 computer system, it will be appreciated that a computer 
program for configuring a programmable device, appa- 
ratus or system to implement the foregoing described 
methods is envisaged as an aspect of the present in- 
vention. The computer program may be embodied as 

25 source code and undergo compilation for implementa- 
tion on a processing device, apparatus or system, or 
may be embodied as object code, for example. The 
skilled person would readily understand that the term 
computer in its most general sense encompasses pro- 

30 grammable devices such as referred to above, and data 
processing apparatus and computer systems. 
[0077] Suitably, the computer program is stored on a 
carrier medium in machine or device readable form, for 
example in solid-state memory or magnetic memory 

35 such as disc or tape and the processing device utilises 
the program or a part thereof to configure it for operation. 
The computer program may be supplied from a remote 
source embodied in a communications medium such as 
an electronic signal, radio frequency carrier wave or op- 

40 tical carrier wave. Such carrier media are also envis- 
aged as aspects of the present invention. 
[0078] The scope of the present disclosure includes 
any novel feature or combination of features disclosed 
therein either explicitly or implicitly or any generalisation 

45 thereof irrespective of whether or not it relates to the 
claimed invention or mitigates any or all of the problems 
addressed by the present invention. The applicant here- 
by gives notice that new claims may be formulated to 
such features during the prosecution of this application 

so or of any such further application derived therefrom. In 
particular, with reference to the appended claims, fea- 
tures from dependent claims may be combined with 
those of the independent claims and features from re- 
spective independent claims may be combined in any 

55 appropriate manner and not merely in the specific com- 
binations enumerated in the claims. 
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Claims 

1. A method for measuring skin moisture using near 
infrared reflectance spectroscopy, comprising the 
steps of: 

Outputting a set of reference moisture value on 
a plurality sample skin using skin moisture 
measuring; 

radiating near infrared on the plurality of sam- 
ple skin; 

sensing a set of near infrared reflectance spec- 
tra reflecting from the plurality of sample skin; 
dividing the set of reflectance spectra into a cal- 
ibration set and a validation set using random 
selection; 

analyzing with multivariate regression the cali- 
bration set and the set of reference moisture 
value to produce a set of standard calibration 
equation of the plurality of sample skin; 
evaluating and correcting the set of standard 
calibration equations using the validation set; 
storing the set of standard calibration equations 
at a memory; 

radiating near infrared on a test skin; 
sensing a near infrared reflectance spectrum 
reflecting from the test skin; 
predicting the skin moisture of the test skin from 
the near infrared reflectance spectrum reflect- 
ing from the test skin and the set of standard 
calibration equations at a memory. 

2. A method as claimed in claim 1 , further comprising 
the step of; 

pre-treating the sensed near infrared reflect- 
ance spectrum reflecting from either the plurality of 
sample skin or the test skin with either pre-deter- 
mined order of derivative or multiplicative scatter 
correction, or both. 

3. A method as claimed in claim 2, wherein the pre- 
determined order of derivative is performing either 
first derivative or second derivative. 

4. A method as claimed in claim 3, wherein the seg- 
ment and smooth of the first derivative are 4 unit 
and 4 respectively, and segment and smooth of the 
second derivative are 8 unit and 6 respectively. 

5. A method as claimed in claim 1 or 2, further com- 
prising the steps of: 

displaying the calculated skin moisture of the 
test skin with display screen. 

6. A method as claimed in claim 1 or 2, further com- 
prising the step of: 

printing the calculated skin moisture of the 
test skin. 



7. A method as claimed in claim 1 , wherein the multi- 
variate regression is performed with Partial Least 
Squares Regression. 

5 8. An apparatus for measuring skin moisture by using 
near infrared reflectance spectroscopy, comprising 
the means of: 

storing a set of standard skin moisture calibra- 
te tion digital equation of the plurality of sample 
skin; 

radiating near infrared on a test skin; 
sensing a near infrared reflectance spectrum 
reflecting from the test skin; 
'5 predicting the skin moisture of the test skin from 

the near infrared reflectance spectrum reflect- 
ing from the test skin and the set of standard 
calibration equation stored at the memory. 

20 9. An apparatus as claimed in claim 8, further compris- 
ing the means of: 

pretreating the sensed near infrared reflect- 
ance spectrum reflecting from the test skin with ei- 
ther pre-determined order of derivative or multipli- 
es cative scatter correction , or both. 

10. An apparatus as claimed in claim 8 or 9, further 
comprising the means of displaying the calculated 
skin moisture of the test skin with display screen. 

30 

11. An apparatus as claimed in claim 8 or 9, further 
comprising the means of printing the calculated skin 
moisture of the test skin. 

35 12. A method for measuring skin moisture using infra- 
red reflectance spectroscopy, comprising irradiat- 
ing a test sample of skin with infrared radiation; 

sensing an infrared reflectance spectrum re- 
^o fleeted from the test sample; and 

comparing the reflectance spectrum with a set 
of standard calibration equations to determine 
the skin moisture of the test sample. 

45 
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